SUMMARY
The growth characteristics of Tyzzer's organisms in cultured mouse hepatocytes were examined by direct bacterial counting and plaque assay. The viability of propagated bacteria and time required for the maximum titers depended on incubation time and inoculum dose, respectively. Both infectious titers and bacterial counts at optimum harvests were much higher than those obtained from infected mouse livers. Immunofluorescence revealed, after a lag phase of about 2 h, a linear multiplication during a 6 h period.
INTRODUCTION
Tyzzer's disease, a fatal infection described in a variety of laboratory, domestic and wild animal species [1] , is characterized by multifocal necrotizing hepatitis and severe hemorrhagic enteritis [2] . The causative agent is an obligate intracellular bacterium, which has not yet been successfully cultivated in cell-free media [1] . The vegetative phase of this spore-forming bacterium is unstable and undergoes rapid loss of infectivity and lysis [3] . Because of the inaccessible nature, little is known about its biological and taxonomical characteristics, and its pathogenic mechanisms have remained unclear. For every study on Tyzzer's disease, bacterial preparations including infective organisms and antigens have been obtained from infected tissues of animals or chick embryos. However, these materials are difficult to control in infectivity or specificity.
In this study, we observed the initial phase and long term growth kinetics of the Tyzzer's organism in a primary monolayer culture of mouse hepatocytes, which has been the only system available for propagating the organism in vitro [4] . We determined the optimum conditions for harvesting bacterial preparations, which would be of great use for both experimental and diagnostic purposes on the disease.
MATERIALS AND METHODS
ing infective materials and immune sera, while 8-to 1`4-week-old mice were used for the preparation of hepatocyte cultures.
Hepatocyte cultures
Monolayer cultures of mouse hepatocytes were prepared by a modification of the methods of Seglen [5] and Arnheiter [6] as already described
[4].
Organism and antiserum
The RT strain of rat-derived Tyzzer's organism [7, 8] was used. A piece of heavily infected mouse liver which had been stored in liquid nitrogen was used to prepare inocula. Mouse antiserum to the RT organism was the same as described in the previous paper [4] .
Growth kinetics
Infected liver homogenate in antibiotic-free culture medium was inoculated to hepatocyte monolayer cultures, and incubated at 37 °C in a humid atmosphere of 5% CO 2 in air. The culture supernatant was replaced by fresh antibiotic-free medium at 2 h postinoculation (p.i.). At 1`2, 24, 36, and 48 h p.i., culture supernatants and homogenates of whole culture were subjected to assays for the number of bacterial cells by direct microscopic counting of Giemsa-or thionin-stained smears [4] , as well as for the plaque forming units (PFU) [9] on freshly prepared hepatocyte monolayers.
Initial phase of multiplication
One, 2, 3, 4, and 6 h after inoculation with a dilution of homogenate prepared infected culture from at the time of maximum yield, monolayers on glass coverslips were harvested, washed, fixed, and then treated with anti-RT antibody. They were stained with fluorescein isothiocyanate-or tetramethylrhodamine isothiocyanate-labeled anti-mouse IgG (Cappel Laboratories, Malverna, U.S.A.), and examined by epifluorescence microscopy. Hepatocytes carrying organisms were counted on 10 to 20 microscopic fields at ×200 magnification on each coverslip and were graded into three categories containing 1, 2, and more than 3 fluorescent organisms per cell, respectively.
RESULTS AND DISCUSSION
The number of bacterial cells in either whole culture or culture supernatant increased during 48 h of incubation (Fig. 1) . On the contrary, the plaque assay revealed that the number of infective organisms in the whole culture declined after reaching its maximum level at 36 h p.i. These results supported our previous findings that, during a prolonged incubation, the mouse pathogenicity of cultured organisms was more rapidly decreased than the number of visible bacterial cells [4] . The PFU of the whole culture at 24 h p.i. was only 0.5 log10 lower than the direct count, indicating much higher viability of the organisms in cell culture than in infected mouse livers showing more than 2 logt0 higher direct count than PFU [9] .
Next, growth curves with two different inoculum doses were compared. With a lower dose, PFU in the whole culture peaked later but a much higher titer (1 × 1_0 6 PFU/1.5 ml) was obtained than with a higher dose (Fig. 2) . The kinetics of PFU in culture supernatant of the two groups were similar to those of the whole cultures. Thus, infected cell cultures were able to provide materi- Hours p.i. limited yield as well as the fragility of the organisms in cell cultures, the multiplicity of infection was less than 1 in the present experiments.
After an apparent lag phase of approximately 2 h, the multiplication progressed linearly during the observation period (Fig. 3) , in marked contrast to the rapid adhesion and entry of the organisms to host cells during the first 1 h of infection (unpublished observation). This probably reflected the time required for adaptation of the organism to host cell metabolism before starting multiplication. At 6 h p.i., two-thirds of the infected hepatocytes carried multiplying organisms, and there were small loci of several heavily infected hepatocytes, suggesting the progressing extracellular release of organisms and spread of infection. Although the infectivity of the organisms yielded in cultured hepatocytes is still not so high, the present culture system would be greatly useful for propagation of the Tyzzer's organism and analysis of its metabolic processes.
